Objectives: This systematic review aimed to (a) provide an overview of existing quality measures in the field of oral health care, and to (b) evaluate the scientific soundness and applicability of these quality measures.
| INTRODUCTION
Oral diseases are highly prevalent and expensive to treat. Against the background of increasing cost pressures in health care, careful choices about the use of available resources are becoming increasingly relevant. [1] [2] [3] [4] Robust and comprehensive measures that collect routine data on the processes and outcomes of oral care health care may contribute to a more transparent, evidence-informed and person-centred care system. 5 These measures need to be transparent and should reflect health processes, outcomes, person/patient perception and costs that are associated with oral health care. 6, 7 Measuring the quality of oral care using valid and reliable measures may enable various stakeholders, such as policymakers and dentists, to evaluate and improve the quality of care. 8 Several conceptual frameworks exist to define quality of care. The National Academy of Medicine (NAM) defined quality of health care
as "the degree to which health services for populations and individuals increase the likelihood of desired health outcomes and are consistent with current professional knowledge." 9 Although oral health care quality measures have been developed over the past couple of years, the NAM highlighted that the lack of quality measures in dentistry was a barrier to quality improvement in oral health care. 10 Because of the lack of measures and routinely collected data, dentists and policymakers are currently unaware to what extent delivered oral care is consistent with the best available evidence and whether it satisfies the needs of their patients. Comparative oral health care data may illustrate where further development of care is needed and whether it aligns with the best evidence. Various initiatives for measuring oral health care quality and its determinants have recently been emerging, highlighting room for improvement with respect to the establishment of comprehensive quality measures in dental care.
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The minimum prerequisite for a quality measure is that it is based on scientific evidence, accepted by experts in the field and measured using reliable data sources. 14 A reliable measure should be free of measurement errors. To the maximum extent possible, variation in the quality measure should be due to actual differences in the respective population. Another important aspect is the content validity of a measure; that is, the measure is underpinned by scientific evidence and adequately reflects what it intends to measure. 15, 16 The better the scientific evidence on which a measure is based, the better the measure reflects a truly important aspect of the quality of care provided. 16 Moreover, the acceptance of a quality measure by experts in the field is necessary to minimize disagreement on interpretation of the evidence. 14 This can be defined as face validity: a measure has face validity when consensus is reached among experts and the measure accurately reflects the content it intends to measure. [14] [15] [16] To use the measures in practice, unambiguous descriptions of numerators and denominators as well as instructions for use are imperative.
The purpose of this systematic review was (a) to provide an overview of the number and type of existing quality measures in the field of oral health care and (b) to appraise the scientific soundness and applicability of quality measures developed to date.
| METHODS

| Data sources and searches
A systematic search of the electronic databases MEDLINE (via PubMed), EMBASE (via OVID) and LILACS (via BIREME) was performed. To develop a preliminary search strategy, various combinations of search terms were used to identify relevant articles that reported on the development and clinimetric properties (such as validity and reliability) of quality measures for oral health care. Five relevant articles were identified in MEDLINE and used to develop the final search strategy. Based on the keywords and MeSH terms in the previously identified articles, a final search strategy was developed which also captured all identified articles. The detailed search strategy is presented in Appendix S1. Reference lists of the included publications were screened to identify other potential relevant documents such as supplemental quality measure catalogues, instructions and other relevant publications.
| Eligibility criteria
The search was restricted to articles published from 1 January 2002 to 31 December 2017. The decision to restrict the publication year was made in order to exclude quality measures which are based on outdated scientific evidence. There was no language restriction for full-text articles as long as they had a title, abstract and description of the quality measures in English. Publications that either described the development process or described the clinimetric properties of oral health care quality measures for general dental care were included. Publications were only included if numerators and denominators of the quality measures were defined or if the numerators and denominators could be directly derived from the description of the quality measures. Editorials, randomized controlled trials, conference abstracts and letters to the editor were excluded.
| Article selection and data extraction
Two researchers (AR and GS) independently screened the titles and abstracts. There were a couple cases of nonconsensus between the researchers. In case of discrepancies, the researchers discussed the reason for the discrepancy until consensus was reached. The full text of the potentially relevant articles was reviewed. Two researchers (AR and DD) computed the data using a digital form. Information on methodological aspects of the study such as the purpose of the study, the country of origin, methods used to develop measures and stakeholder involvement in the development process of the measures was included in the form. Furthermore, data assemblance included the number of quality measures developed, the description, numerators and denominators of the measures and the type of quality measure as described by Donabedian 17 : process-, structure-or outcome measure. In addition, information on the clinimetric properties of the measures was collected.
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| Critical appraisal
The Appraisal of Indicators through Research and Evaluation (AIRE) instrument 2.0 was used to appraise the scientific soundness and applicability of the measures. 18 The AIRE instrument 2.0 is a validated instrument to assess the methodological quality of the measures. The AIRE ranging from 1 (strongly disagree) to 4 (strongly agree). The AIRE instrument provides a summary score for assessment of articles, ranging from a minimum score 20 (low rating), to 80 (high rating); see Appendix S2
for further details about the AIRE instrument and its scoring system.
Two researchers (AR and DD) independently appraised all publications.
Discrepancies were discussed until consensus was reached. The AIRE instrument did not include any items regarding the funding body of the organization developing the quality measures or about competing interest of the authors. Therefore, an additional table was added to provide an oversight of this information (see Appendix S3).
| Calibration of reviewers
The interrater reliability between the two researchers was assessed by comparing the individual scores per AIRE item on two separate articles in which quality measures were developed and by calculating the weighted Cohen's Kappa. 19, 20 The interrater reliability amounted to 0.91 (see Appendix S4). 
| Data reporting
Included
Included publications (n = 24)
Number of quality measures in publications (n = 215)
Quality measures
and denominators (n = 3) 1589; LILACS via BIREME: 28). Based on the title and abstract screening, a total of 110 full-text publications were reviewed. Sixteen publications met the inclusion criteria. All other publications were excluded because either the numerator/denominator of the respective quality measure was missing or the description of the respective quality measure could not be easily derived. A list of all excluded publications after full-text assessment can be found in Appendix S6. If concrete quality measures were mentioned, but not clearly described, the authors were contacted by email and requested to provide further information (n = 4). This did not result in additional publications. Eight publications were identified by reference checking. These publications included supplemental quality measure guidebooks and catalogues. Six projects consisted of multiple publications, resulting in a total of 24 included publications (see Figure 1 ). In total, 12 projects (24 publications) met the inclusion criteria. Ten projects focused on the development process of oral health quality measures, and two publications described additional clinimetric properties of quality measures. 44 United States To adopt a DQA measure designed for administrative claims data to be used in electronic health records. To evaluate the feasibility and validity of implementing this measure to determine whether patients with diabetes received a comprehensive oral or periodontal examination Adaptation of a dental quality measure, originally developed by the DQA, to be used in electronic health records. Development of an automated query to capture the oral healthcare received by patients with diabetes, and validation of this query by comparing the query with manual chart reviews
Original measure development; see DQA. Adaptation of the measure:
researchers from dental Universities and dental professionals 
| Aim and methods of included publications
| Description of quality measures
In total, 215 oral health care quality measures were identified (see Table 2 ). A detailed overview of these measures, including numera- 
| Critical appraisal
In the publications developing quality measures, a large variation in the scientific soundness and applicability was observed (see Tables 3   and 4 ). In domain I (purpose, relevance and organizational context of quality measures), the scores ranged from 60% to 100%. With respect to stakeholder involvement (domain II), the scores ranged from 33% to 100%. Four out of the 10 projects developing measures scored a 3 or 4 on the involvement of all relevant stakeholders. In projects scoring a 1 or 2, the reason was most frequent that either patients or dental professionals were not included. In domain III (scientific methods), four out of 12 projects scored higher than 50% (see Tables 3 and 4) . With respect to the quality of the supporting evidence, three out of 12 studies critically appraised the supporting evidence on which the measures are based (item 11 in Table 3 ). Five projects reported systematic methods used for the development of the quality measures. For domain IV (additional evidence, formulation and usage), the scores ranged from 22% to 100%. The two publications that described the clinimetric properties and implementation of the quality measures scored 85%
and 100%, respectively, on all aspects on which the publications could be judged using the AIRE instrument. 
| DISCUSSION
To our knowledge, this is the first systematic review providing an overview and critical appraisal of quality measures in the field of oral health care. To assure measures based on up-to-date scientific evidence, publications were included if they were published in the last 15 years. In total, 215 oral health care measures were identified and all publications were critically appraised. The majority of quality measures developed in the reviewed publications are intended for assessment of processes of care, focusing on the provision of oral treatment or preventive services, on outcomes of oral care, including periodontal and dental disease outcomes, or on access to oral care.
A relatively low number of structure measures were identified focusing on patient safety, organizational aspects of oral health care or costs of oral health. In addition, the findings from critical appraisal of quality measures using the AIRE instrument indicate a large variation in the scientific soundness and applicability of quality measures. To guide decisions about which of the currently available measures to use to assess quality of oral health care, the authors recommend the measures from those publications that scored highest on the development, testing and validation of the measures. At this moment, the Dental Quality Alliance (DQA), [22] [23] [24] [25] [26] [27] Hummel et al, 28 Bhardwaj et al 43 T A B L E 2 Study results describing the number of measures, the measure titles and the characteristics of the publications and Neumann et al, 44 showed the most extensive procedure to develop and/or test the quality measures.
Traditionally, quality measurement has focused on access issues, clinical care processes and disease-specific measures. More than a decade ago, the NAM recognized the importance of patient experience as a domain of quality. 9 Since that time, it has been acknowledged that good quality of health care does not solely comprise the technical aspects of care, but patient experiences are also key drivers of quality improvement. 45 A number of the included (mostly Euro- health care professionals is an essential step towards successful implementation of quality measures. 45, 46 Only few studies piloted quality measures in practice. Testing the quality measures in practice is an essential prerequisite when seeking to implement them for day-to-day assessment and quality improvement in health care. 8 Moreover, only few studies tested the clinimetric properties, and often, the clinimetric properties were poorly defined. The taxonomy used for describing clinimetric properties was not always consistent across publications, which emphasizes the need for a more harmonized terminology and better standardized criteria to assess quality measures. For example, the Cosmin study could provide useful insights with respect to consistent reporting of patient-reported health outcomes. 15 The DQA exhibits an interesting example of testing the clinimetric properties of quality measures including validity, reliability and feasibility. [22] [23] [24] [25] [26] [27] In recent years, EHRs have increasingly become amenable for purposes of quality measurement. 47 The adoption of measures based on EHRs has the potential to advance quality measurement by the automation of data collection. Further, measures based on EHRs potentially increase transparency by availing access to information which is not accessible otherwise. 47 use of such data can still be costly as per data protection and efforts required for data cleansing and processing); yet they are often designed for purposes other than quality measurement. In general, health insurance claims data provide relatively little details regarding diagnostic and health outcomes data. 48 More and more initiatives focus on the development of innovative IT-infrastructures to pave the way for automated data collection for EHR measures. 43, 44 The increasing attention for automated EHR measures seems promising; however, feasibility of data collection relies largely on the underlying IT-infrastructures and data protection regulations. Large variation may exist with regard to currently available mechanisms of data collection. Depending on the available resources for IT-infrastructures, it is likely that the feasibility of data collection differs between different country or regions and the level of measurement. 16 Hence, one remaining question for future research is whether the current activities in EHR measurement can also be used in other countries.
This systematic review contributes to the literature in two ways.
First, the present study identified gaps in the quality measurement field in oral health care. And second, this paper critically appraised the methods used for the development and validation of existing quality measures within the relevant literature. One of the evident strengths of this study is that, as stated above, this is the first systematic review providing a comprehensive overview of quality measures and a critical appraisal of the literature reporting these measures. The chosen methodology has been shown to be a valid and reliable approach to appraise existing quality measures. In addition, this study also gives an overview of the methods currently being used in the field of dentistry to develop oral health care quality measures. It is possible that relevant outcome measures can also be identified from patient experience assessment tools such as the Oral Health Impact Profile (OHIP). However, such instruments were out of this review's scope.
A possible limitation of the present study is that, to the author's knowledge, there is currently no tool available to specifically assess the risk of bias with respect to the methodological strengths and weaknesses of Delphi procedures or similar quality measure development methods. The AIRE instrument provides a suitable tool to appraise publications on quality measures; however, it does not include an item on the funding body and possible competing interests. It should be noted that of all the projects developing quality measures, only one project reported that the funding body did not influence the results. More research is necessary to determine the influence of funding bodies on the development and performance of measures. Further, it should be noted that it is likely that there is a possibility of publication bias due to possible oral health care measures available online which cannot be detected through systematic searches in scientific databases. However, the comprehensiveness of such measures is difficult to ascertain, and often, information about the development of these measures is lacking. Therefore, these measures do not fall within the scope of this review.
In conclusion, this review adds to the previously published literature by providing an up-to-date overview and appraisal of quality measures on oral health care which are amenable to assess and improve the quality of oral health care. The study highlights the continuing need for transparent, valid, reliable and feasible quality measures. Future research is warranted to enhance and harmonize the T A B L E 4 AIRE items per domain
AIRE domain AIRE Items
Purpose, relevance and organizational context 1). The goal of the study has been clearly described 2). The publications rationale for measures development has been clearly described 3). The organizational context of the measures has been described in detail (about whom does the measure provide information) 4). The quality domains that the measures address have been described in detail 5). The health care process covered by the measure has been described and defined in detail definition, measurement and improvement of quality of oral health care. Thereby, careful consideration should be given to patientreported outcome and experience measures as well as to the establishment of suitable information systems that allow provision of routine and transparent feedback on the quality of oral health care. 49 
